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The benzohydrazide molecule of the title compound, 
Ci6Hi6N203-2H20, exists in a trans conformation with respect 
to the C=N double bond. The central 0=C-NH-N=C 
plane [r.m.s. deviation of 0.0165 (1) A for the five non-H 
atoms] makes dihedral angles of 6.04 (8) and 2.38 (8)°, 
respectively, with the hydroxy- and ethoxy-substituted 
benzene rings. The dihedral angle between these benzene 
rings is 3.82 (7)°. The ethoxy group is almost coplanar with the 
attached benzene ring with a C— O— C— C torsion angle of 
—176.58 (11)°. In the crystal, the benzohydrazide and water 
molecules are linked by N-H- ■ O, O-H- ■ O , O-H- ■ N 
and C— H- ■ O hydrogen bonds into a three-dimensional 
network. 

Related literature 

For bond-length data, see: Allen et al. (1987). For related 
structures, see: Fun et al. (2011); Horkaew et al. (2011, 2012). 
For applications of benzohydrazides, see: Loncle et al. (2004); 
Molyneux (2004); Promdet et al. (2011); Raj et al. (2007). For 
the stability of the temperature controller used in the data 
collection, see: Cosier & Glazer (1986). 



Experimental 

Crystal data 

Ci6Hi6N203-2H20 

M, = 320.34 
Monoclinic, Pijc 
a = 7.1655 (1) A 
b = 17.3895 (3) A 
c = 13.6202 (2) A 
= 110.875 (1)° 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2005) 
T . = 0.971, r„,„ = 0.984 



Refinement 

R[F^ > 2a{F^)] = 0.055 

wR(F^) = 0.155 

S = 1.03 

5737 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 1585.74 (4) A-' 
Z = 4 

Mo Ka radiation 

= 0.10 mm"' 
r = 100 K 

0.29 X 0.16 X 0.16 mm 



22228 measured reflections 
5737 independent reflections 
4310 reflections with / > 2a(l) 
Ri„, = 0.032 



209 parameters 

H-atom parameters constrained 
Ap„^ = 0.73 e A-' 
Apmin = -0.28 e A"' 



D-H-A 


D-H 




H- ■ -A 


D---A 


D-H- - A 


02-H1-01' 


0.84 




1.77 


2.6106 (15) 


174 


N1-H2-01W" 


0.85 




2.10 


2.9278 (16) 


167 


01W-H3- ■ 02'" 


0.81 




2.06 


2.8683 (15) 


177 


01W-H4- ■ -02W 


0.88 




1.84 


27159 (19) 


169 


02W-H5- ■ 01" 


0.87 




2.14 


2.8558 (18) 


139 


02W-H5- ■ -Nl" 


0.87 




2.55 


3.3363 (19) 


151 


02W-H6- ■ 03" 


0.89 




2.11 


2.9791 (17) 


165 


C6-H6A-01W" 


0.95 




2.36 


3.2942 (18) 


169 


C8-H8/1- ■ OIW" 


0.95 




2.49 


3.3222 (18) 


146 


Symmetry codes: (i) x, —y 

X — 1, — V -(- J, z — i; (v) —\ 


- + 1.-V- 


(ii) 

f 2, 


-.t + l,v-l-^, 
-z + 1. 


-z + 5; (iii) X, -y -^ 


Vlz + k, (iv) 



Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT 
(Bruker, 2005); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: IS5130). 
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(f)-N'-(4-Ethoxybenzylidene)-4-hydroxybenzohydrazide dihydrate 
Hoong-Kun Fun^ Jirapa Horkaew^ Suchada Chantrapromma and Chatchanok Karalai 

Comment 

It has been known that a majority of benzohydrazides possesses various biological properties, such as antibacterial and 
antifungal (Loncle et al., 2004), and antiproliferative (Raj et al., 2007) activities. The title benzohydrazide derivative (1) 
was synthesized as part of our study on the bioactivity of benzohydrazide derivatives (Fun etal., 2011; Horkaew etal, 
2011, 2012; Promdet et al, 2011) and was evaluated for antioxidant activity by DPPH scavenging (Molyneux, 2004). It 
was found to be active. Herein we report the synthesis and crystal structure of (I). 

The title compound (Fig. 1), C16H16N2O3.2H2O, comprises one benzohydrazide molecule and two water molecules. The 
molecule of benzohydrazide exists in a ?rflM5-configuration with respect to the C8=N2 bond and the torsion angle Nl — 
N2 — C8 — C9 = -179.90 (11)° with the dihedral angle between the two benzene rings being 3.82 (7)°. The middle 
fragment are planar with an r.m.s. deviation of 0.0165 (1) A for the five non-H atoms (01, CI, Nl, N2 and C8). The mean 
plane through this middle fragment makes the dihedral angles of 6.04 (8) and 2.38 (8)° with the 4-hydroxyphenyl and 4- 
ethoxyphenyl rings, respectively. The ethoxy group is co-planar with the bound benzene rmg with the torsion angle C12 
— 03 — C15 — C16 = -176.58 (11)°. The molecule is therefore approximately planar. The two water molecules are linked 
to each other by an O — H— O hydrogen bond (Fig. 1). Bond distances of benzohydrazide are of normal values (Allen et 
al., 1987) and are comparable with the related structures (Fun et a/., 2011; Horkaew et al., 2011, 2012). 

In the crystal packing (Fig. 2), the molecules of benzohydrazide and water are linked by N — ^H-"0, O — H---0, O — H--N 
and C — H- -0 hydrogen bonds (Table 1) into a three-dimensional network. 

Experimental 

The title compound (I) was prepared by dissolving 4-hydroxybenzohydrazide (2 mmol, 0.30 g) in ethanol (15 ml). A 
solution of 4-ethoxybenzaldehyde (2 mmol, 0.27 ml) in ethanol (15 ml) was then added slowly to the reaction. The 
mixture was refluxed for around 6 hr. The solution was then cooled to room temperature and a white solid appeared. 
Colorless block-shaped single crystals of the title compound suitable for X-ray structure determination were recrystallized 
from a methanol solution by slow evaporation of the solvent at room temperature after several days (m.p. 373-374 K). 

Refinement 

All H atoms were positioned geometrically [d(0 — H) - 0.84 A for the hydroxy group and 0.81-0.89 A for water 
molecules, fi?(N— H) = 0.85 A, i/(C— H) = 0.95 A for aromatic and CH, 0.99 A for CH2 and 0.98 A for CH3 groups] and 
allowed to ride on their parent atoms. The L'iso(H) values were constrained to be 1.5 {/e, of the carrier atom for methyl H 
atoms and 1.2C/eq for the remaining H atoms. A rotating group model was used for the methyl group. 

Computing details 

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT (Braker, 2005); data reduction: SAINT (Bmker, 2005); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
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(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008) and PLATON {Spek, 2009). 
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Figure 1 

The molecular structure of the title compound, showing 60% probability displacement ellipsoids and the atom-numbering 
scheme. The O — H - 0 hydrogen bond is shown as a dashed line. 
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Figure 2 

The crystal packing of the title compound viewed along the a axis. Hydrogen bonds are shown as dashed lines. 
(F)-iV'-(4-Ethoxybenzylidene)-4-hydroxybenzohydrazide dihydrate 



Crystal data 

C,6Hl6N203-2H20 

M- = 320.34 
Monoclinic, P2i/c 
Hall symbol: -P 2ybc 
a = 7.1655 (1) A 



^= 17.3895 (3) A 
c= 13.6202 (2) A 
y9= 110.875 (1)° 
V= 1585.74 (4) A3 
Z = 4 
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F(000) = 680 
Dx= 1.342 Mgm-3 
Melting point = 373-374 K 
Mo Ka radiation, X = 0.71073 A 
Cell parameters from 5737 reflections 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Radiation source: sealed tube 
Graphite monochromator 
f and m scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2005) 
7U = 0.971, 7^ = 0.984 

Refinement 

Refinement on 

Least-squares matrix: full 

R[F^ > 2(7(i^)] = 0.055 

w7?(i^) = 0.155 

S= 1.03 

5737 reflections 

209 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



(9 = 2.0-32.5° 
= 0.10 mm ' 
T= 100 K 
Block, colorless 
0.29 X 0.16 X 0.16 mm 



22228 measured reflections 
5737 mdependent reflections 
43 1 0 reflections with I > 2a(I) 
Rm = 0.032 

dmux = 32.5°, (9min = 2.0° 

/j = -10^10 
A: = -26^19 
/ = -20^18 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[o^(Fo2) + (0.0735Py + 0.7894P] 

where P = (F^^ + 2F,y3 
(A/f7)^ = 0.001 
Ap„^ = 0.73 e A-3 
Apmn = -0.28 e 



Special details 

Experimental. The crystal was placed in the cold sfream of an Oxford Cryosystems Cobra open-flow nifrogen cryostat 
(Cosier & Glazer, 1986) operating at 120.0 (1) K. 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 

matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) freatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of against ALL reflections. The weighted R- factor wR and goodness of fit S are based on F^, 
conventional R- factors R are based on F, with F set to zero for negative F^. The threshold expression of F^ > 2sigma(F^) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F^ are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 




01 


0.75546 (15) 


0.81977 (6) 


0.40609 (8) 


0.0174 (2) 


02 


0.60182 (15) 


0.81464 (6) 


-0.08291 (8) 


0.0188(2) 


HI 


0.6435 


0.7704 


-0.0894 


0.028* 


03 


0.85596 (15) 


1.15548 (6) 


0.90045 (8) 


0.0198 (2) 


Nl 


0.70782 (16) 


0.94655 (7) 


0.37373 (9) 


0.0146 (2) 


H2 


0.6729 


0.9842 


0.3315 


0.018* 


N2 


0.75068 (16) 


0.96088 (7) 


0.47938 (9) 


0.0151 (2) 


CI 


0.67580(17) 


0.86049 (7) 


0.22842 (10) 


0.0130 (2) 


C2 


0.67471 (19) 


0.78444 (8) 


0.19463 (11) 


0.0156 (2) 


H2A 


0.6925 


0.7437 


0.2436 


0.019* 
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u.o45i / (ly) 


V./b/4/ (8) 


A AAAAA /I 1 \ 

u.uyuyy (ii) 


0.016Z (Z) 




H3A 


0.6461 


0.7155 


0.0690 


A A 1 A A 

0.019* 




C4 


O.oz4/i (18) 


A on 1 o /'o\ 
0.52/ 16 {p) 


A A 1 A/CO / 1 A\ 

u.uiyoo (lu) 


0.0145 (2) 






A z:'*) 1 AO /I 0\ 

u.o2iyz (lyj 


A AAT 1 1 /0\ 




A ni (ii 
U.UlOJ (z) 




TTC A 


A Z7A 1 O 

0.6018 


A A /I T 

(J. 9436 


A AATA 

U.UUzO 


A AOAsk 

0.020* 




Co 


A AO An it A\ 

0.6484/ (ly) 


A A 1 AO A /'0\ 


U.l dd34 (11) 


A A 1 

0.0156 (2) 




HoA 


0.6481 


A mi o 


A 1 '7/CO 

0.1 /oo 


A A1 A* 
0.019 




C7 


0.71456 (17) 


0.87382 (7) 


0.34201 (10) 


A A 1 ^ T \ 

0.0127 (2) 




Co 


A ■7'2 AOA /■! 0\ 

u. / juzu (lyj 


i.Uj iol (o) 


U.DUUby (11) 


A A 1 /TO (^\ 

O.UloZ (2) 




H8A 


0.6885 


1.0676 


0.4446 


A A 1 AsIc 

0.019* 




cy 


0. /68U4 (ly) 


1 AC A 1 O 

1.05918 (8) 


A /CAT 1 '*) /" 1 1 \ 

O.oO/lz (11) 


A A1 CC /'*)\ 

0.0155 (z) 






A O 1 AO /'^\ 

U.olUs (z) 


1 A 1 AO O /OX 

1.U1U88 (8) 


0.69423 (11) 


A AOAA /1\ 
U.U/UU (j) 




T T 1 A A 

HiUA 


A O 1 AT 

0.8197 


0.9569 


A /loco 

0.6858 


A AO /I sfc 

0.024* 






0.841)4 


1 A/l 1 AA /0\ 

1.041UU (8) 


A '7A'5 AA / 1 1 \ 
0. /y300 (11) 


A AOA1 /"2^ 

0.021)1 (3) 




HllA 


0.8681 


1.0077 


0.8517 


0.024* 








1 1 ^ A1 T /0\ 

l.izUjz (o) 


A OA/; AO / 1 1 \ 

O.oOoOe (11) 


A A1 /T\ 
0.0166 (2) 






0.7880 (2) 


1.16903 (8) 


A TOA-^O /I 1\ 

0.72028 (11) 


A A 1 OZ: \ 

0.0186 (3) 




TT1 A 

H13A 


0.7809 


1 '^'^'> A 

1.2230 


A T*> A 1 

0.7291 


0.022* 




C14 


0.7570 (2) 


1.13863 (8) 


A 1 TA /I 1 \ 

0.62170 (11) 


A A 1 OA \ 

0.0189 (3) 




T T 1 /I A 

H14A 


0.7279 


1.1 721 


0.5631 


A ATI A 

0.023* 




C15 


A AA/1 O /'^X 

0.9043 (2) 


1 1 AOAA /A\ 

1.10800 (9) 


A AA'^CA /I 1 \ 

0.99250 (11) 


A A 1 A^ /O \ 

0.0196 (3) 




TT1 C A 

H15A 


1 AT /I O 

1.0348 


1 AC^ C 

1.0825 


1.0066 


A A^ A :k 

0.024* 




TT1 CTl 

H15B 


A O A 1 O 


1.0678 


A AO'IA 

0.9oz0 


A AT A A 

0.024^ 




Clo 


A A 1 'J 1 

0.9131 (2) 


1 1 COAA /C\\ 

1.15890 (9) 


1 AOT T / 1 1 \ 

1.08336 (11) 


0.0207 (3) 




TT1 ^ A 


A AO 1 

0.9521 


1.1283 


11/1 TA 

1.1479 


A AO 1 & 

0.031* 




T T 1 ZTTJ 


A TO 1 C 

0.7815 


1 1 O 1 O 

1.1818 


1.0702 


A AT 1 * 

O.OjI^ 




H16C 


1.0116 


1.1998 


1.0912 


A AO 1 A 

0.031* 




ni w 

wi w 


A ^67^^ (] Q\ 
\},J\J I JO i^i"^ 


A "^Qi no if>\ 


u.z^^4-j ^ 


A ATni (X\ 




H3 


0.4370 


OMll 


0.2921 


0.045* 




H4 


0.2664 


0.6197 


0.2059 


0.045* 




02W 


0.0731 (2) 


0.67607 (8) 


0.10548(11) 


0.0471 (4) 




H5 


-0.0331 


0.6558 


0.0590 


0.071* 




H6 


0.0705 


0.7267 


0.0963 


0.071* 




Atomic displacement parameters (A^) 




yn JJ12 










01 


0.0255 (5) 0.0134(5) 


0.0125 (4) 


-0.0004 (3) 


0.0059 (4) 


0.0019 (4) 


02 


0.0281 (5) 0.0179 (5) 


0.0100 (4) 


0.0064 (4) 


0.0062 (4) 


-0.0004 (4) 


03 


0.0277 (5) 0.0181 (5) 


0.0126 (5) 


0.0025 (4) 


0.0059 (4) 


-0.0014 (4) 


Nl 


0.0212 (5) 0.0134 (5) 


0.0086 (5) 


0.0002 (4) 


0.0047 (4) 


0.0005 (4) 


N2 


0.0184(5) 0.0170 (5) 


0.0097 (5) 


-0.0007 (4) 


0.0044 (4) 


-0.0015 (4) 


CI 


0.0142 (5) 0.0133 (6) 


0.0111 (5) 


0.0001 (4) 


0.0041 (4) 


-0.0003 (4) 


C2 


0.0220 (6) 0.0125 (6) 


0.0129 (6) 


0.0000 (4) 


0.0067 (5) 


0.0008 (5) 


C3 


0.0223 (6) 0.0132 (6) 


0.0132 (6) 


0.0008 (4) 


0.0063 (5) 


-0.0010(5) 


C4 


0.0159 (5) 0.0165 (6) 


0.0103 (6) 


0.0025 (4) 


0.0037 (4) 


0.0000 (4) 


C5 


0.0227 (6) 0.0142 (6) 


0.0123 (6) 


0.0039 (4) 


0.0067 (5) 


0.0025 (5) 


C6 


0.0211 (5) 0.0129(6) 


0.0134 (6) 


0.0024 (4) 


0.0070 (5) 


0.0012(5) 


CI 


0.0137 (5) 0.0139 (6) 


0.0105 (5) 


-0.0006 (4) 


0.0042 (4) 


0.0000 (4) 


C8 


0.0203 (5) 0.0161 (6) 


0.0125 (6) 


-0.0015 (4) 


0.0061 (5) 


-0.0004 (5) 
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cy 


(J.Ul /3 (j) 


U.Ui lb (o) 


A A 1 1 T ( £i\ 

U.UI 1 / (o) 


A AAAC f A\ 

— (J.OUUj (4) 


A AACO t A\ 

(J.UOjz (4) 


A AA1 O f Z\ 

— U.UUlo Kp) 




U.Uz/D (o) 


U.U16J (p) 


U.U16Z yl) 


A AA10 { Z\ 


A AATO f Z\ 

U.OU/o Kp) 


A AAA /I i Z\ 

0.U0U4 {p) 




U.Uz /4 (o) 


U.UI IT) (p) 


A A 1 /I A t £i\ 

U.U14U (6) 


A AA'^A (Z\ 

U.UU3U \p) 


A AACC t Z\ 


A AAOA 

U.UUzU \p) 




U.Uloo (D) 


U.UI 84 (o) 


A A1 -lA 

u.uiiy (0) 


A AAAC f A\ 

— U.UUUj (4) 


A AA/1'3 fZ\ 

U.UU43 (DJ 


A AA'3'^ 

— U.UUiz \p) 


1 1 
CI J 


A f\1A^ 

U.Uz4o (^oj 




A A1 ^0 in\ 

U.Uloo yi) 


U.UUUz \p) 


A AAT^ ( ^\ 

U.UU /j j 


A AAA^ /"^A 

— U.UUUj \ j ) 


C14 


0.0247 (6) 


0.0154 (6) 


0.0169 (6) 


-0.0012 (5) 


0.0080 (5) 


-0.0005 (5) 


C15 


0.0236 (6) 


0.0212 (7) 


0.0144 (6) 


0.0014 (5) 


0.0073 (5) 


0.0014 (5) 


C16 


0.0235 (6) 


0.0247 (7) 


0.0137 (6) 


-0.0009 (5) 


0.0066 (5) 


-0.0027 (5) 


OIW 


0.0463 (7) 


0.0148 (5) 


0.0187 (6) 


0.0027 (5) 


-0.0014 (5) 


-0.0031 (4) 


02W 


0.0469 (8) 


0.0341 (8) 


0.0342 (8) 


0.0181 (6) 


-0.0176 (6) 


-0.0151 (6) 



Geometric parameters (A, °) 
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C14— C13— H13A 


120.1 


C2— C3— H3A 
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C13— C14— C9 


121.04(13) 
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Hydrogen-bond geometry (A, °) 
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2.9791 (17) 


165 
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146 



Symmetry codes: (i) x, -y+-3/2, z-1/2; (ii) -x+l, y^-l/2, -z+1/2; (iii) x, -y^-3/2, z+1/2; (iv) -jH-3/2, z-1/2; (v) -x+l, ->H-2, -z+1. 
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